Introduction
Gastrointestinal (GI) recovery after major abdominal surgery can be delayed from an ongoing need for narcotic analgesia thereby prolonging hospitalization. Enhanced recovery after surgery (ERAS) is a multimodal perioperative care pathway designed to facilitate early recovery after major surgery by maintaining preoperative body composition and physiological organ function and modifying the stress response induced by surgical exposure [1] . Enhanced recovery programs (ERPs) in colorectal surgery have decreased the duration of postoperative ileus thus reducing the hospital stay while showing equivalent morbidity, mortality, and readmission rates in comparison to the traditional standard of care [2] [3] .
Laparoscopic living donor nephrectomy (LDN) has significantly transformed the outlook for individuals considering live kidney donation since first described by Ratner et al., in 1995 [4] . Despite benefits, the annual incidence of LDNs in the United States has decreased by nearly 15%, from 6573 in 2005 to 5630 in 2015, based on OPTN data as of November 11, 2016 [5] . Various reasons were explored for the decline in living donation [6] . However, transplant centers, federal health departments, and the community in general need to devise innovative solutions to remove barriers to living donation. One of the possible disincentives of LDN is the 16.8% incidence of complications [7] of which gastrointestinal (GI) dysfunction is the frequent indication for increased length of stay (LOS) and readmission rates. A 30% rate of Emergency Room visits/readmission was recorded at our center in 2014 largely from delayed GI recovery resulting from persistent narcotic use for postoperative pain management. Whether or not the ERAS pathway can further enhance the advantages of laparoscopic surgery and give incentive to donors by optimizing the perioperative satisfaction with regard to pain management, reduced length of stay and reduced rates of readmission still remains to be determined. Despite the potential benefits, the use of ERAS in LDN has been a rarity [8] . With this hypothesis in mind, we initiated a pilot trial to utilize a unique ERAS protocol in live kidney donors with the primary aim of reducing length of hospital stay and decreasing readmission rates.
Materials And Methods
This pilot trial is a single-center, nonrandomized, retrospective, quality-improvement project to evaluate the effectiveness of a full ERAS pathway in a laparoscopic, living-donor nephrectomy when compared with a historical cohort of patients undergoing laparoscopic donor nephrectomy with traditional standard of care. The ERAS pathway for LDN was implemented at our institute in September 2015 as part of a quality-improvement project, and from that time until present, all live kidney donors were subjected to the ERAS protocol during a laparoscopic nephrectomy. Subsequently, data was collected from 40 consecutive subjects undergoing LDN within the ERAS pathway from September 2015-October 2016 and compared with a prior cohort of 40 consecutive patients undergoing LDN with traditional standard of care from August 2014-August 2015.
Living kidney donation standard of care pathway (SCP):
In this pathway, patients were kept nil per orally (NPO) for eight hours prior to surgery; no bowel preparation was used. Intraoperatively, sequential compressive devices (SCDs) were used for venous thromboembolic prophylaxis. Antibiotic prophylaxis was similar to the ERAS pathway. There were no set directions or protocols followed by anesthesia for intraoperative fluid management. Plans were individualized on a case-by-case basis. Intraoperative diuretics were used following fluid boluses with crystalloids or colloids if urine output was <0.5 ml/kg/hr. Perioperative pain management included intraoperative fentanyl boluses, postoperative IV ketorolac and IV fentanyl or Dilaudid, oral oxycodone, or Dilaudid as needed. Postoperative nausea vomiting (PONV) prophylaxis was the same as for the ERAS pathway.
Living kidney donation Duke ERAS pathway:
Patients were educated about the pathway in the surgical clinic during a preoperative visit. Preoperatively, a bowel preparation was not routinely used. Patients were allowed clear fluids until two hours prior to the start of surgery and were given a carbohydrate drink, Clearfast®, two hours before surgery after which the NPO period of two hours begins. Table 1 provides details of the DUKE ERAS protocol for the various operative phases. Intraoperatively, low-flow anesthesia was used with the gas flow at ≤1 L/min, and a 'goaldirected fluid therapy' with crystalloid infusion was infused at 3 ml/kg/hr. Fluid therapy was further guided by recording the stroke volume (SV) and stroke volume variation (SVV) using a non-invasive cardiac output monitor. Boluses of colloid were administered to optimize SV/SVV, with 250 ml of colloid bolus given over <15 min if SV increased by >10% and not required if SV increased by < 10%. The surgeon was alerted only when the urine output was < 0.5 ml/Kg/hour. No diuretics were used. A Foley catheter was removed at end of the case. For both pathways, every patient was scheduled for a one-week clinic follow-up visit at discharge.
Laparoscopic nephrectomy surgery was performed by the same three surgeons in the two cohorts. The surgical technique used was hand-assisted laparoscopy and was similar between the three surgeons. All three surgeons have been performing this surgery for over eight years, and there was no learning curve for this procedure in either cohort.
Data collection
The study involves retrospective data collection from the electronic medical records for both groups including:
1. Patient demographics for both donor and recipient: age, gender, race, weight, body mass index (BMI), glomerular filtration rate (GFR) at donation, pre-operative baseline creatinine, and intraoperative narcotics. Donors were all healthy individuals without any pre-existing comorbidities.
2. Operative events: intraoperative fluids administered to the donor and intraoperative urine output measured for the donor and postoperative day (POD) 1 urine output measured for the recipient.
3. Total operative time calculated from time to incision to time to end of surgery.
4. Pain assessment: pain was assessed using a 0-10 verbal response scale (VRS), where "0" represents no pain, and "10" represents worst possible pain during every shift as part of the standard of care nursing protocol. The highest and the lowest pain score reported each day were recorded from the day of surgery until discharge. The set of maximum and lowest pain scores were averaged for each patient to give each patient an average maximum and average lowest pain score. Pain scores including the morning-after-surgery pain score (taken between 8 and 9 a.m.) and the peak and lowest pain score during the duration of hospitalization were collected.
5. Donor and recipient kidney function: based on donor baseline creatinine, postoperative day 1 and day 7 creatinine, recipient baseline creatinine and creatinine at discharge.
6. Incidence of delayed allograft function in the recipient.
7. Time to hospital discharge, i.e., length of stay (LOS).
8. Readmission rates including causes: all readmissions and emergency room (ER) visits for complications related to the LDN within 30 days of hospital discharge were recorded.
9. Any intraoperative events or complications.
Outcome Measures
The primary outcome for this study was the length of stay (LOS) for the donor. LOS is defined as the postoperative number of nights in the hospital. Secondary outcomes included operative times, operative fluid volume, postoperative pain scores, percent change in donor creatinine, donor readmission rates, recipient POD 1 urine output, incidence of delayed allograft function.
Statistical Analysis
Data was collected from the EPIC Maestro care and Innovian® databases for all patients undergoing LDN with traditional care and ERP pathway. Any missing data was obtained by chart review. Patient characteristics, including demographic, operative, and postoperative data elements were summarized with descriptive statistics and compared between the pre-and post-ERAS implementation groups. Demographics were compared between the two groups using Student's t-test. Analyses were performed using RStudio. The primary clinical outcome was LOS. The difference in LOS was assessed using the log-rank test. Secondary outcomes included readmission rates which were assessed with the Student's ttest. Multivariate regression analysis was performed for LOS and readmission rates. For comparisons of the other secondary efficacy endpoints such as operative times, operative fluids, percent change in donor creatinine, recipient day 1 urine output, incidence of delayed graft function, t-test, Chi-square test, and Fisher's Exact test (for binary variables) as indicated were used. We also looked at the readmission rates of the outliers in each group for LOS.
Pain was assessed using a 0-10 verbal response scale (VRS), where "0" represented no pain and "10" represents worst possible pain and recorded during every shift as part of the standard of care nursing protocol. The morning-after-surgery pain score was recorded between 8 and 9 a.m. The highest and the lowest pain reported each day was recorded from the day of surgery until discharge. The set of maximum and minimum pain scores were averaged for each patient to give each patient an average maximum and average lowest pain score. Pain scores were compared between therapy groups using a rank-sum test.
Results

Demographics for both donors and recipients
A total of 79 live donor nephrectomies were performed during the study period (Aug 2014-Oct 2016), with 40 cases performed with the standard care protocol group (SCP) i.e., Group 1, and 39 cases in the ERAS group, i.e., Group 2. Both the groups were balanced since the baseline donor demographics were not significantly different between the two cohorts ( Both groups appear balanced without any significant differences for all listed variables.
Both groups were also balanced with regard to baseline characteristics of transplant recipients ( 
Outcomes
Our primary outcome was donor length of stay (LOS) after LDN. Group 1 (SCP) had a variable length of stay from 1-7 days, with an average stay of 2 days. For Group 2 (ERAS), the postoperative median length of stay reduced from 2.0 to 1.0 days (p<0.001). For the donors within ERAS group LOS, operative times, operative fluid, and pain scores are significantly lower than SCP group, p<0.001.
A univariate subset analysis was performed investigating if there was an association between the increased rate of readmission for donors with the increased LOS ( 
TABLE 7: Logistic Regression for Donor Readmission
Logistic Regression model run to analyze donor readmissions did not show any significant differences between the two groups, Group 2 OR 0.9 (0.71-1.14); p=0.39.
Discussion
Live kidney donation is one of the best solutions to satisfy the growing demand for kidneys for transplantation. However, fear of postoperative pain, prolonged hospitalization, and time off work are major disincentives for live kidney donation. Following the advent of laparoscopic donor nephrectomy (LDN), there was a 25% increase in individuals willing to donate kidneys to their loved ones [4] . Over the years, the annual incidence of LDN has decreased by nearly 15% from 6573 in 2005 to 5630 in 2015, possibly related to the incidence of gastrointestinal complications and length of stay [5] . Over the years, improvements in laparoscopic donor nephrectomy have revolved around optimizing pain control and accelerating recovery [9] . The widespread success of ERAS in major abdominal surgeries has created an opportunity to increase patient satisfaction in the live-kidney donor population by optimizing pain management and reducing length of stay. ERAS pathway has not yet been widely explored for laparoscopic living donation surgery. With successful implementation of the preoperative and intraoperative elements of an ERAS pathway for laparoscopic living donor nephrectomy, we have shown that early recovery, optimal pain control, and reduced hospital stay is within reach. Duke ERAS protocol significantly reduces the length of stay and minimizes the incidence of gastrointestinal complications with a somewhat lower tendency for readmissions or emergency room visits following LDN.
Of the various strategies adopted by ERAS to reduce the surgical length of stay and facilitate recovery, preoperative consumption of carbohydrate-containing clear liquids (predominantly in maltodextrin form) has provided significant benefits. Overnight fasting does not necessarily reduce gastric contents or raise the pH of gastric fluid, and, hence, the American Society of Anesthesiologists' guidelines recommend intake of clear fluids until two hours prior to the induction of anesthesia [10] . Reducing the preoperative fasting period for clear fluids to two hours prior enhances patient comfort prior to surgery by reducing preoperative thirst, hunger, and anxiety without increasing the risk of pulmonary aspiration [11] . Carbohydrate-rich fluids have also been proven to reduce insulin resistance and patient catabolism, with a positive impact on perioperative glucose control and muscle preservation [12] [13] . With the Duke ERAS protocol, we provide patients with Clearfast® which is a clear, preoperative drink containing complex carbohydrates including 12.5% maltodextrin, vitamins, minerals, electrolytes, and several amino acids that support an enhanced recovery. We also avoid routine mechanical bowel preparation which can contribute to preoperative dehydration in addition to creating significant patient discomfort. Thus, patients undergoing surgery within an ERAS protocol are less likely to be fluid responsive after the induction of anesthesia when compared with patients undergoing traditional fluid management preoperatively.
Intraoperative fluid balance potentially plays a crucial role in early postoperative mobilization and gastrointestinal recovery. The first goal of intraoperative fluid management should be 'zero balance fluid therapy' targeted at maintaining central euvolemia and avoiding excessive fluid administration which can result in 'third spacing' and tissue edema contributing to perioperative weight gain, bowel wall edema, and prolonged ileus [14] . Typical evaporative fluid losses during major abdominal surgery are 0.5-1 ml/kg/hr [15] . Maintenance fluid requirements should aim to maintain preoperative body weight, delivered with a 1-3 ml/kg/hr infusion of a balanced, crystalloid solution [16] . Several studies using individualized goal-directed fluid therapy (GDFT) utilizing a cardiac output monitor to optimize patients' stroke volume (SV) throughout the perioperative period have been shown to reduce complications after major surgery by 25-50% [17] [18] [19] [20] . Positive fluid balance, on the contrary, has been shown to be associated with an increased incidence of acute kidney injury (AKI) after major surgery; whereas perioperative oliguria is not associated with renal dysfunction in laparoscopic surgery as the positive pressure pneumoperitoneum reduces renal blood flow thereby reducing fluid clearance [21] .
The unique aspect of the Duke ERAS protocol is the inclusion of intraoperative GDFT using crystalloid infusion supplemented by colloid boluses to maximize donor SV/SVV. With this technique, there was a significant reduction in the amount of intraoperative fluids infused in the ERP group without any influence on the donor renal function in the form of intraoperative donor urine output, percent rise in donor creatinine on the 1st postoperative day, or any adverse impact on the allograft outcome. We also postulate that reduced intraoperative fluids may have indirectly helped in reducing operative times secondary to maintained tissue planes from reduced third-space fluid losses. All three of the surgeons performing the LDN have been doing this surgery for over eight years, and with the surgical technique remaining similar in the two cohorts, the possibility of the learning curve contributing toward the reduced operative times is negligible. Less tissue edema also could have potentially contributed to the early recovery of the postoperative bowel function, facilitating early discharge and reducing LOS.
The ERAS pathway is also built on multimodal pain-control strategies of which local anesthetics are a cornerstone. However, local anesthetics are relatively limited due to their shorter duration of action (≤ 7 hrs) [22] . Using DepoFoam, a multivesicular liposomal platform that encapsulates drugs without altering their molecular structure and then releasing them over a desired period of time, prolonged regional analgesia can be achieved [23] . Using this technology, Liposomal bupivacaine (Exparel; Pacira Pharmaceuticals, Inc., Parsippany, NJ) was recently approved by the U.S. Food and Drug Administration (FDA) for postsurgical analgesia to release bupivacaine slowly over 96 hours. There has been enough literature evidence over the past ten years showing the efficacy of liposomal bupivacaine in statistically significant reduction of cumulative pain scores over 72 hours following wound infiltration after various surgical procedures [24] . The only other single-center ERAS study in the LDN population has used transversus abdominis plane block (TAP) with 0.5% Ropivacaine [7] . The Duke ERAS protocol utilizes Exparel, infiltrated intraoperatively by the surgeon at the subfascial level; with this we were successful in reducing overall pain scores in the ERP group as well as minimizing the overall increase in operating room time attributable to the addition of a TAP block as seen in the other series. Exparel also enabled a complete avoidance of postoperative narcotic pain regimens thus reducing the incidence of postoperative ileus. At discharge, patients did not receive any narcotic prescriptions further fortifying compliance with non-narcotic pain management.
There are several limitations to this study. Due to the small number of patients included in this study, this study was not powered to identify significant differences in the rate of readmissions between the two groups. Since this was a quality-improvement project in which we implemented a perioperative protocol that has been proven to reduce the length of stay and optimize postoperative recovery in other abdominal surgeries, we did not consider conducting a randomized control trial to test our hypothesis. However, we did consider comparing outcomes between two centers performing LDN with different care pathways, i.e., SCP vs. ERP, but did not pursue this considering several confounders including different standards of perioperative care, surgeon expertise, surgical techniques, and etc. could have impacted the results. Further, we do admit that knowledge of the donor being cared in the ERP could have possibly influenced early discharge in the ERP cohort. Pain scores as such could not be validated due to the variability in the patient interpretation of pain and inconsistent timing for recording of the scores. Implementing reliable pain scales and consistent times for recording the scores could possibly resolve any bias associated with the differences in pain scores between the two cohorts. Lastly, there is a lack of data in the literature to support or refute the use of liposomal bupivacaine administered as a peripheral nerve block for the management of postoperative pain. It would be interesting to further study outcomes of this study using a similar ERP without Exparel but with the use of routine local anesthetic agents injected subcutaneously to identify if the benefit of ERP is a result of GDFT or Exparel or a combination of both. We will be addressing most of these issues along with an additional survey of patients in the follow-up period to record patient reported outcomes and satisfaction in a subsequent larger prospective randomized control trial versus a multicenter trial.
Conclusions
Application of a special ERAS protocol in laparoscopic living donor nephrectomy was associated with a reduced length of hospitalization. Improved pain scores resulted from a combination of the intraoperative use of subfascial Exparel and a reduced incidence of postoperative ileus with a complete avoidance of narcotic pain regimens. Restricted intraoperative fluids reduced the operative times by promoting clarity of surgical planes with prevention of excessive third spacing without adversely affecting allograft outcomes. GDFT helped reduce bowel edema, thereby enhancing postoperative gut recovery. Although readmission rates were not statistically significant, a larger study may further clarify this result. This study suggests that use of ERAS may enhance advantages of laparoscopic surgery for live kidney donation through optimizing donor outcomes and improved perioperative patient satisfaction. Regular application of ERPs in the future could incentivize donors by decreasing overall postoperative complications and facilitate earlier return to work.
